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A MEMBER OF THE BROKEN-BONE FAMILY 
During childhood their long arms and legs fractured many times. 
VOLUME 22 Apri, 1931 NUMBER 4 


= 
i 
BRAK 
La 
| 


The American Genetic Association 


An incorporated organization devoted to promoting a knowledge of the 
laws of heredity and their application to the improvement of 
plants, animals, and human racial stocks 


DAVID FAIRCHILD, President 


Vice-President, W. E. CASTLE 


Secretary, C. E. LEIGHTY 


Treasurer, MRS. G. W. SINCELL 


JOHN B. LARNER, Financial Advisor 


Legal Advisors, PEELLE, OGILBY and LESH 


EDITORIAL BOARD 
Managing Editor: ROBERT C. COOK 


M. DEMEREC 
H. J. MULLER 


R. R. GRAVES 
GEORGE M. DARROW 


L. C. DUNN 
PAUL POPENOE 


Members of the Council are ex-officio members of the Editorial Board 


COUNCIL 


W. E. CASTLE, Professor of Zoology, Harvard 
University, and Research Associate of the Carne- 
gie Institution of Washington. 

LEON J. COLE, Professor of Genetics, University 
of Wisconsin. 

G. N. COLLINS, Botanist, U. S. Department of 
Agriculture, Washington, D. C. 

O. F. COOK, Bionomist in Charge of Breeding In- 
vestigations, U. S. Department of Agriculture. 
DAVID FAIRCHILD, Agricultural Explorer, U. S. 

Department of Agriculture. 

HARRY V. HARLAN, Senior Agronomist in 
Charge of Barley Investigations, U. §S. Depart- 
ment of Agriculture. 


ADVISORY 


W. S. ANDERSON, Genetics Department, Univer- 
sity of Kentucky, Lexington, Kentucky. 

E. B. BABCOCK, Genetics Department, University 
of California, Berkeley, California. 

E. A. BESSEY, Professor of Botany, Michigan 
State College, East Lansing, Michigan. 

A. F. BLAKESLEE, Plant Genetist, Carnegie In- 
stitution, Cold Spring Harbor, New York. 

J. K. BREITENBECHER, McGill University, 
Montreal, Canada. 

W. E. BRYAN, Professor of Plant Breeding, Uni- 


versity of Arizona, Tucson, Arizona. 


Cc. B. DAVENPORT, Director, Department of 
Genetics, Carnegie Institution of Washington, 
Cold Spring Harbor, L. I., New York. 


J. A. DETLEFSEN, Professor of Genetics, Wistar 
Institute, Philadelphia, Pennsylvania. 
RUSSELL W. DUCK, Professor of Animal Hus- 
bandry, Syracuse University, Syracuse, New York. 
E. M. EAST, Professor of Plant Genetics, Bussey 
Inst. of Applied Biology, Boston, Mass. 

R. A. EMERSON, Professor of Plant Breeding, 
Cornell University, Ithaca, New York. 

C. P. GILLETTE, President, The Genetic Founda- 
tion, Fort Collins, Colorado. 

C. M. GOETHE, Sacramento, California. 

HARRISON R. HUNT, Professor of Zoology, 
Michigan State College, East Lansing. 

Hi S. JENNINGS, Professor of Zoology, Johns 
Hopkins University, Baltimore, Maryland. 

D. F. JONES, Plant Breeder, Connecticut Agricul- 
tural Experiment Station, New Haven, Conn. 

M. A. JULL, Senior Poultry Husbandman, U. S. 
Department of Agriculture, Washington, D. C. 


F. B. LINFIELD, Director, Montana Experiment 
Station Bozeman, Montana. 


SAMUEL J. HOLMES, Professor of Zooloxy, 
University ot California, Berkeley, California. 
C. E. LEIGHTY, Agronomist in Charge of Eastern 
Wheat Investigations, U. S. Department of Agri- 

culture. 

VERNON KELLOGG, Permanent Secretary, Na- 
tional Research Council, Washington, D. C. 

J. H. KEMPTON, Bureau of Plant Industry, U. S. 
Department of Agriculture. 

E. W. SHEETS, Chief of Animal Husbandry Divi- 
sion, U. §S. Department of Agriculture. 

SEWALL WRIGHT, Professor of Zoology, Uni- 
versity of Chicago. 


COMMITTEE Je 


C. C. LITTLE, Director, Roscoe B. Jackson 
Memorial Laboratory, Bar Harbor, Maine. 

JAY L. LUSH, Professor in Animal Husbandry, 
Iowa State College, Ames, Iowa. 

H. H. NEWMAN, Professor of Zoology, University 
of Chicago, Chicago, III. 

T. S. PALMER, Expert in Game Conservation, 
U. S. Dept. of Agriculture, Washington, D. C. 

JOHN H. PARKER, Prdfessor of Agronomy, Kan- 
sas State College, Manhatten, Kansas. 

MRS. CHARLES C. RUMSEY, Wheatly Hills. 
Westbury, Long Island. 

JOHN M. SCOTT, Vice Director, Florida Agricul- 
tural Experiment Station, Gainesville, Florida. 
JOHN W. SCOTT, Professor of Zoology, Univer- 

sity of Wyoming, Laramie, Wyoming. 

A. D. SHAMEL, Pomologist, U. S. Department of 
Agriculture, Riverside, California. 

GEORGE H. SHULL, Professor of Bio'ogy, Prince- 
ton University, Princeton, New Jersey. 

W. W. SMITH, Professor of Animal Husbandry, 
Purdue University, Lafayette, Indiana. 

CHARLES R. STOCKARD, Professor of Anatomy. 
Cornell University, New York City. 

A. B. STOUT, Director of Laboratories, New York 
Botanical Gardens, New York City. 

W. T. SWINGLE, Plant Physiologist in Charge of 
Breeding Investigations, U. S. Department of 
Agriculture, Washington, D. C. 

LOU D. SWEET, Seedsman, Denver, Colorado. 

W. H. TOMHAVE, American Aberdeen-Angus 
Breeders’ Association, Chicago, 

H. E. WALTER, Professor of Biology, Brown Uni- 
versity, Providence, Rhode Island. 

H. J. WEBBER, Director, Citrus Experiment Sta- 
tion, Riverside. California. 

E. N. WENTWORTH, Armour’s Bureau of Agr’l 
Researcn and Economics, Chicago, Illinois. 

P W. WHITING, Department of Biology, Univer- 
sitv of Pittsburgh, Pittsburgh, Pa. 


’ 
| 
A 
> 
4 
1 
4 
4 
, 
£ 
a 
° 
x 


a ‘ 


The 
Journal Heredity 


Vol. XXIT APRIL, 1931 No. 4 


IN THIS ISSUE COMING 
A FRaAGILE-BoNED FAMILY A Two-Headed Turtle 
} HeErRITABLE CHARACTERS IN MAIZE Genetics of Pineapple 
By William H. Eyster........ 117 
| PouLtry BREEDING AND GENETICS AT WORLD Blackberry Hybrids 
CONGRESS 
By M. A. Jull...... 
Inheritance of ‘Crooked 
THE INHERITANCE OF HAIRLESSNESS IN SWINE Neck” in Fowl 
By Elmer Roberts and IV. E. 125 Sows 
CoLor CHIMERAS IN THE Domestic Fowr R d 
A Dominant Character in 
| Maize 
| 
Origin of Hooded Barley 
PSYCHIATRIST ON STERILIZATION __........ 119 
Why are Siamese Twins 
Unlike? 


The JOURNAL OF HEREDITY is published monthly by the AMERICAN GENETIC 
ASSOCIATION, at 1918-32 Harford Avenue, Baltimore, Md., and Victor Building, Wash- 
ington, D. C. Address all communications regarding editorial matters and the business 
management of the Association to Room 306, Victor Building, Washington. D. C. Entered 
as second-class matter February 24. 1923, at the postoffice at Baltimore, Marvland. Acceptance 
{ for mailing at the special rate of postage provided for in Section 1103, Act of October 3, 1917, 
! authorized December 20, 1918. Contents copyrighted 1931 by the American Genetic Associa- 
| tion. Unauthorized reproduction of material trom THE JOURNAL not permitted. The title 


“Journal of Heredity” is registered as a trade-mark in the U. S. Patent Office. 


$3.50 a Year Prices of back numbers on application 35c. the Copy 


‘ 
| 
| 


CROOKED ARMS AND LEGS DUE TO MANY BENDS AND FRACTURES 


Frontispiece 


When this woman was a baby she broke her leg by getting tangled in a blanket— 
and later broke it again playing with other children on the floor. She had many other 
fractures as she grew up. Her uncle fractured his legs on an average once a year until 


he was sixteen. All the broken-bone people have very long arms and legs and are ot 
rather short stature. 


This form of bone fragility is inherited as a Mendelian dominant 
character. 
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FRAGILE-BONED FAMILY 


Hereditary Fragilitas Ossium 
D. Y. Hotcoms 


University of Arkansas 


ASES of hereditary bone fragili- 
ity have been studied and de- 
scribed for more than a hun- 
dred years, though fortunately it is a 
relatively rare disease. In the earliest 
papers no mention was made of the 
various other abnormalities which are 
now known to accompany the exces- 
sive liability to bone fracture, but in 
1896, Spurway! published an account 
of a family in which the hereditary 
tendency to fracture extended through 
four generations, and noted the fact 
that a curious bluish tinge of the eye- 
ball was common to many members 
of the family. Four years later Ed- 
dowes,® reported several cases which 
had come under his observation and 
also pointed out the peculiar fact that 
blue sclerotics and osseous fragility 
often occur in the same _ individual. 
Since that time it has been found 
that a large number of the persons 
with brittle bones have blue sclera, 
and in more recent years several in- 
vestigators have discovered that deat- 
ness is also very commonly found in 
connection with the bluish coloring of 
the sclerotics and the fragilitas os- 
sium. This deafness usually appears 
in early adult life and tends to in- 
crease with age. 
In the Davis family, whose history 
I have investigated, the tendency, to 
break bones with abnormal frequency, 
especially in childhood, occurred in a 
number of persons in five generations 
of the family, but in no case ‘was 
there the slightest indication of the 
blue sclera or progressive deafness. 
There are, however, other less strik- 
ing conditions such as shortness of 
stature, abnormally rapid healing of 
broken bones and cessation of- frac- 
tures at puberty, which have been 
found to be frequently associated with 
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bone fragility. Most of these pe- 
culiarities are apparent in the affected 
members of the present family and 
will be discussed later. 


Causes Not Known 


Although fragilitas ossium has been 
known for so many years and numer- 
ous cases have been recorded in the 
extensive literature on the subject, 
there is no agreement as to its path- 
ology, and there seems to be no gen- 
eral conformity in the terminology 
used. Key'® who has recently made 
a very careful study of the subject 
states that “It is one of the most ob- 
scure subjects in modern medicine.” 
The cases recorded in this paper may 
be classified as osteopsathyrosis idio- 
According to Scott’ this 
term was originated about 1833 by 
Lobstein who described the disease in 
cases occurring in infants and young 
children, and was the first to point 
out its hereditary tendency. 

As to the cause of the bone fragilli- 
ty there is much difference of opinion. 
As Haas!" states, fundamental ex- 
planation is to be sought in the organs 
that control the physiological and 
chemical processes in bone growth.” 
Many authors have suggested that 
disturbances of the ductless glands 
may account, to some extent at least, 
for the condition. Thyroid extract 
and other endocrine preparations have, 
however, been used for treatment 
without successful results. Stobie?! 
felt that even though there was no 
definite evidence that an endocrine 
imbalance responsible the 
family that he studied, appearance of 
the patients constantly suggested the 
idea. So in the case of the Davis 
family, their small stature, their pe- 
culiar facial expression, the pointed 
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FATHER AND SON BOTH FRAGILE-BONED 
Figure 1 


The father (at right, II-3 in the chart) is now eighty. He had many fractures when 
he was a child, which has left him somewhat deformed, but he is still quite active. The 
son (III-3 in the chart) broke on the average about an arm or a leg a year until he 


was sixteen. It is characteristic of this condition that at maturity the bones become 
less brittle, and fractures occur with no more than ordinary frequency. 
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Holcomb: A Fragile-Boned Family 


chin, the shape of the skull and other 
characteristics, indicate a_ possible 
lack of harmony of the endocrines. A 
careful study of .these cases might 
lead to the discovery of an inherited 
glandular abnormality. 

There is a possibility that the pe- 
culiar bone fragility in this family 
may be due to the habitual lack of 
some vitamin in the diet, or to some 
other form of nutritional insufficiency. 
This, however, seems improbable for 
a number of reasons. Many mem- 
bers of the family are normal and the 
affected individuals are engaged in 
various occupations and lve’ under 
widely different environmental condi- 
tions, so that their eating habits must 
vary greatly. The fact too, that the 
disease reappears in several genera- 
tions also renders it unlikely that it 
is due to improper nutrition. At least 
it seems certain that the disease in 
this family is not rachitic in nature 
since none of the persons with the 
abnormal tendency to bone fracture 
show any of the other characteristics 
of rickets. 

Key!® uses the term “hereditary hy- 
poplasia of the mesenchyme” to de- 
scribe the condition of brittle bones 
and blue sclera, because many of the 
mesenchymal tissues may be under- 
developed in these cases. There is no 
history of sprains or dislocations in 
this family so far as could be dis- 
covered and since blue sclera and deat- 
ness do not appear, it is doubttul if 
any of the mesenchymal tissues, other 
than the bones, are involved. 


Family History 


The first member of the family in 
whom the disease is known to have 
occurred was a woman who died 
about eighteen years ago at the age 
of ninety-four. Little could be learned 
of her history except that she had 
told her children that in youth she 
had had many fractures. She is re- 
membered by many people as a much 
bent, dwarfish, littlke woman, who 
during the latter years of her life was 
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so crippled that she was unable to 
walk. As shown in the accompanying 
chart, three of her sons inherited the 
abnormality. 


The oldest son, II-1, had sixteen 
fractures. The first of these occur- 
red when he was about one year old. 
As he crawled on the floor he caught 
his leg under a chair and broke the 
femur. He sustained other fractures 
at intervals until he was about fifteen 
years old; only the long bones were 
broken and always from trivial acci- 
dents. After puberty there were no 
further breaks but he was so crippled 
that he walked with crutches from 
the time of his boyhood. He lived, 
however, to be seventy-five years old. 
He had no children. The second son 
II-2, was unaffected. He had three 
daughters and two sons, and numer- 
ous grandchildren and great grand- 
children, but none of his descendants 
show any evidence whatever of bone 
fragility. A brother of the two men 
just described, I1-3, is still living and 
is now eighty years old. He has had 
numerous fractures, the first being a 
break of the left femur which came 
about as the result of a slight fall 
when he was four years old. [Later 
the right femur was broken three 
times, the humerus of the left arm 
twice, and both arms were broken be- 
low the elbow. All of the fractures 
were in the long bones. Since there 
were few physicians at that time in 
the rural community in which he 
lived, the bones were usually not set. 
In spite of this neglect the breaks 
healed rapidly and with little pain, 
and now at the age of eighty he is 
still quite active though many of his 
bones are crooked and bent. As _ in 
the case of his brother the fractures 
ceased to occur after he was sixteen 
years old. A picture of this man is 
shown in Figure 1. The third af- 
fected son, [1-6, has had fewer frac- 
tures than his brothers, but his crip- 
pled condition and deformed appear- 
ance offer undoubted proof that he 
has inherited the same defect. He 
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PELVIC AND LEG BONES ABNORMAL 
Figure 2 


The bowed femur and the asymmetrical pelvis are due to this condition. The light 
areas near the neck of the femur and in the pelvis indicate a defect in bone formation. 
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Holcomb: A Fragile-Boned Family 
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FIVE GENERATIONS OF FRAGILE BONES 
Figure 3 


Squares indicate males; circles, females. 


“broken-boner” should inherit the defect. 


Theoretically half of the children of a 


The actual ratio is 10 affected; 14 normal 


among the progeny of those showing the defect, including among the affected the 
normal individual shown in Generation IV who has an affected child (I1V-6 and V-4). 
This exception to expectation is probably to be accounted for as due to occasional in- 


complete dominance of the condition. 


has one daughter, and she is normal. 

In the third generation, III-1, 1s 
evidently affected with the disease al- 
though she has had no fractures. At 
this time she is about fifty-five years 
old. She is a small woman, badly de- 
formed with many twisted, misshapen 
hones. The family history is repeated 
in her brother, III-3. He fell from a 
small rolling log when he was three 
years old and broke his right femur. 
Later he suffered fractures of the 
left femur and of other bones of the 
legs. In fact, during his childhood 
bones were broken at intervals of 
about a year until he was_ sixteen 
vears old. His general appearance, 
as shown in Figure 1, is typical of the 
affected members of the family. His 
arms are disproportionately long and 
the bones of his legs are twisted so 
that he walks with a decided limp, 
turning his left foot toward the 


median line with each step. The 
brothers and sisters of these last two 
persons are entirely normal and none 
of them are below average height and 
SIZe. 

In the fourth generation the most 
marked case of the disease is that of 
IV-3, a young woman now _ twenty- 
eight years old. When a baby six 
weeks old she became entangled in a 
blanket wrapped around her and broke 
her femur. At the age of three she 
broke the same femur again while 
playing quietly with other children 
on the floor. Other bones of the legs 
were broken a number of times, leav- 
ing her in a badly crippled condition. 
Her peculiar appearance is shown in the 
Frontispiece. She is confined to a wheel 
chair and with her extremely long 
arms is able to move about with much 
agility. She has had no fractures 
since she was twelve vears old. 
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In the fifth generation of this fami- 
ly I could discover only one case, 
that of a boy ten years old, V-4. He 
has had four fractures, all confined 
to the bones of the legs. At one time 
a stick broke while he was leaning 
upon it, and as he pitched forward the 
femur was broken. The other breaks 
occurred as a result of equally slight 
accidents. Already, even though he is 
still a small child, he has assumed the 
strange appearance which character- 
izes the other affected members of 
the family. 


Description of Roentgenograms 


The roentgenograms show parts of 
the skeleton of III-3, whose appear- 
ance has already been described. He 
is forty-three years old, weighs about 
a hundred and fifteen pounds and is 
five feet, one inch in height. Dr. D. 
A. Rhinehart has examined the films 
and the following is quoted from his 
report: 

Figure 2 shows the pelvis, left hip, 
and upper part of left femur. There 
is a rather marked deformity of the 
pelvis. The bones seem normally de- 
veloped and ossified except for part 
of the ala of the left ilium. The cen- 
tral portion of this ala seems to be 
underossified, leaving an _ artificial 
semilunar shaped defect in the bone. 
This is surrounded on all sides by a 
rim of thick bone about 2 cms. in 
thickness. On the medial and_ pos- 
terior side, next to the sacroiliac 
joint, this is about twice as thick. 


The head, neck and _ trochanteric 
regions of the left femur seem normal 
in contour. Just distal to the lesser 
trochanter there is a marked bowing 
of the femoral shaft in a lateral direc- 
tion. The usual angle between the 
neck and shaft of the femur is re- 
placed by a curve. Extending from 
about midway of the neck to a point 
two inches below the lesser tro- 
chanter, there is a radiolucent area 
in the bone. On the margins of this 
the cortex is thinned. The trabeculae 
in the bone toward the greater tro- 
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chanter and at the proximal end of 
this defect are considerably coarsened. 
In the neck proximal to the defect 
these trabeculae cross other 
forming an interlacing pattern. The 
defect is described as due to a de- 
ficient ossification of the cortex of 
the bone and of the cancellous struc- 
ture of the upper extremity. 


Figure 4+ shows a_ semilateral ex- 
posure of the inferior extremity and 
a part of the shaft of the femur. It 
shows a lateral and anterior bowing 
of the shaft of the femur; the lateral 
bowing seems most pronounced at the 
junction of the upper and middle 
thirds of the shaft; the anterior bow- 
ing is uniform. The compact bone 
of the shaft of the femur 1s consider- 
ably thickened along the lateral aspect 
of the lateral bend. At other places 
the thickness of the compact bone is 
fairly uniform. The marrow cavity 
does not present irregularities. The 
distal extremity seems normally de- 
veloped. 

Figure 5 is a film of the tibia and 


fibula, showing the middle extent, 
with extremities not shown. This 1s 
a lateral view probably from_ the 


medial to the lateral projection. This 
film shows an anterior bowing of the 
tibia. This is nearly uniform, there 
being but a slight accentuation in the 
curve at the junction of the muddle 
and distal thirds of the bone. There 
are apparently no irregularities in the 
ossification of the tibia. The fibula 
is quite irregular. From the proximal 
articulation the bone extends distally 
parallel with the tibia and in a normal 
posterior position for about. three 
inches. The thickness and structure 
of the bone in this part of its extent 
is approximately normal. From a 
point three inches distal to the head, 
the fibula extends forward ina sweep- 
ing curve to the middle of the leg, 
where its anterior margin reached the 
level of the shin of the tibia. This 
portion of the bone presents a fusi- 
form enlargement, gradually increas- 
ing in thickness toward the inferior 


PECULIARITES OF THE LEG-BONES 


Figure 4 


At left the head of the femur and at right the fibula and tibia of III-3. The shaft 
of the femur is bowed. The tibia is bowed forward, and the fibula is bent forward in 


a sweeping curve that brings it in line with the shin. of the fibula. 
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extent of the bone. The enlargement 
is caused by an increase in the 
diameter of the marrow cavity and 
by an increase in the thickness of the 
compact bone of the shaft both an- 
terior and posterior to the marrow 
cavitv. In a lateral projection of the 
bones of the leg the fibula should be 
on a level posterior to that of the 
tibia, except at the two extremities. 

Figure 6 shows the thorax, a pos- 
teroanterior projection. This film 
shows the bony thoracic cage above 
the level of the diaphragm. From 
their vertebral attachments on _ the 
right side the ribs have a _ normal 
inclination downward proximal to the 
angles. The angles are somewhat 
more acute than normal. On the left 
side from the vertebral attachments, 
the ribs at first have a slight upward 
inclination. The angles are more 
acute than on the right side. From 
the angles forward the slope of the 
ribs is more pronounced than on the 
right side. The anterior ends of the 
ribs on opposite sides are at approxi- 
mately the same level. The upward 
curve of the left ribs makes the left 
side of the chest higher than the 
right, with the apex of the left lung 
higher than the right and an elevation 
of the right shoulder. The latter is 
apparent in the photograph. 

At the level of the seventh ribs on 
both sides there is a dipping inward 
of the thoracic wall. This is only 
apparent along the lateral margins of 
the thorax, but it probably extends 
entirely around the chest. Below this 
the ribs flare out with an increase in 
the thoracic diameter considerably 
greater in proportion than that of the 
upper portion. This indentation and 
flaring probably represents a Harri- 
son’s groove, a common finding in 
rachitic thoraces. Enlargements of 
the anterior ends of the ribs, forming 
a rachitic rosary, are not apparent 
from the film. The lungs, heart, and 
vascular shadows appear normal. 

I regret very much that I do not 
have roentgenograms of the skull. 


The external appearance of the head, 
however, of III-3, suggests a probable 
overlapping of the parietal and frontal! 
bones. A thick ridge extending along 
the area which marks the union otf 
these bones is very noticeable. The 
parietal bones also are slightly more 
protuberant than is normal. Stobie*?, 
Shugrue, Rockwood and Anderson'® 
and others have mentioned the promi- 
nence of these bones in cases which 
they have studied, and Apert’, states 
that overlapping skull bones is very 
characteristic of osteopsathyrosis. 

It would have been most advan- 
tageous, also, to have roentgeno- 
grams of bones of other osteopsathy- 
rotic members of the family to use 
for comparison, but these could not 
be obtained because several of the 
persons concerned bitterly opposed 
the investigation and refused their 
cooperation. 


Comment 


As stated earlier in this paper the 
abnormalities found in the affected 
members of this family agree in the 
main with the conditions met with in 
typical cases of osteopsathyrosis ex- 
cept for the absence of blue sclera 
and progressive deafness. 

The persons afflicted with the dis- 
ease in the Davis family are all much 
shorter in stature than those indivi- 
duals in the same family who are nor- 
mal. The unaffected brothers and sis- 
ters are, for the most part, large and 
robust, with good physique. The small 
size of persons with osseous fragility 
has been mentioned by Hass'*, Har- 
man Cockayne*, and others. 


The fractures usually occur only in 
childhood, and the fragility of the 
bones seems to decrease after puber- 
ty; this agrees with the reports of 
Stobie*! and Glover®. Bones are some- 
times broken very early in life. In 
one case I found that the humerus 
was broken at birth; in another the 
femur was fractured at six weeks. 
While the breaks are fairly frequent 
during childhood it seems that the 
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RIBS BENT UP ON ONE SIDE 
Figure 6 


The ribs of the right are normally inclined. 


Those on the left are, however, in- 


clined upward, thus making the left lung (light area) and the left shoulder higher than 


the right. 


osteopsathyrotic individuals show no 
more liability to fracture bones in 
adult life than the average person 
does. Apert!, in a recent article, de- 
scribed these unfortunate persons af- 
flicted with brittle bones as “men of 
glass” because of the ease with which 
their bones are fractured. Even mus- 
cular strain may at times cause a 
break. One old man in the family, 
II-3, said that when he was a boy 
his thigh bone broke suddenly as he 
carried a bucket of water up a_hill. 
He was quite sure that he heard the 


bone break, and that the fall which 
he sustained was the result, not the 
cause of the fracture of the bone. At 
another time he caught his foot on a 
briar out in the field and in jerking 
it loose, broke the tibia. These are 
fair examples of the trivial accidents 
which usually caused the injuries to 
the bones. 

Many observers have noted that 
fractures of the long bones are the 
most common, and Key!*, states that 
European investigators believe that 
the femur is the bone most frequent- 
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ly broken. In this family practically 
all the fractures are confined to the 
long bones, and there is no doubt 
that the femur is fractured more 
often than any other bone. In fact, 
in several persons the same femur 
was repeatedly broken at different 
places. 

The family physician who has at- 
tended three generations of the fami- 
ly, states that the fractures heal 
much more rapidly than in normal 
individuals. This is in accordance 
with results reported by Spurway’’, 
Key!8, and Apert!. Although the heal- 
ing is prompt nearly all of the affected 
persons in this family are badly de- 
formed. This seems to be due, in 
part at least, to a bowing of the long 
bones. This curving seems not to be 
uncommon in osteopsathyrosis. Glov- 
er’ says that “the extent of deformity 
usually depends on the number of 
fractures previously sustained, although 
there is often an intrinsic bowing of 
the long bones, entirely independent 
of traumatic deformity”. Scott!? 
states that the bowing is the result 
of stress or strain in moving about 
and is most marked in legs and tore- 
arms. Apert!, describes the fibula as 
appearing sometimes like a_ slightly 
curved pencil. A crippled condition, 
as a result of bone fragility, is not 
unusual. Ostheimer?!®, states that “in 
spite of the best care, fractures recur 
without much cause, and over one- 
half of all patients remain badly crip- 
pled as a result.” 

Osteopsathyrosis has often been re- 
ported as associated with various 
other diseases, especially hemophilia, 
rickets, and osteomalacia. I found 
little evidence of any other patho- 
logical condition, though possibly the 
unsymmetrical pelvis shown in the 
roentgenogram, Figure 2, might indi- 
cate an osteomalacic condition. The 


bowing of the long bones, mentioned 
above is, in the case of this family, 
apparently not in any way related to 
the curving often found in rickets; 
it seems to occur only in the diaphy- 
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ses and does not involve the epiphyses 
as would be expected in a rachitic 
condition. 

As in other cases reported the dis- 
ease does not seem to affect the long- 
evity of the individual, since several 
atfected members of the family have 
lived to be more than seventy-five 
years old, and none of them have died 
at an early age so far as | could 
discover. 

All of the affected persons seem to 
be normally intelligent, though they 
are very ignorant and superstitious. 


Heredity 


In this family as in the case of 
many other families in which the in- 
heritance has been studied, the factor 
which determines the development of 
the bone fragility is apparently a Men- 
delian dominant. The inheritance is 
direct from parent to child, and does 
not skip a generation. In one case 
only was there an exception to this 
rule. In the fifth generation a boy, 
V-4, evidently has inherited the ab- 
normality from an affected grand- 
mother through his mother who seems 
entirely normal. The mother is ex- 
tremely sensitive about her child’s 
condition and her attitude was so 
persistently hostile that I could get 
no information whatever from her. 
She has, however, had no fractures, 
and so far as I could tell she shows 
none of the stigmata of the disease. 
The number of affected individuals is 
much less than the fifty percent that 
would be predicted as the result of 
the mating of a heterozygous domi- 
nant with a normal. In the second 
generation in which the disease is 
known to occur, three of the five 
children ot an affected mother dis- 
play the bone fragility, but in the 
later generations the trait is transmit- 
ted to a much smaller percent of in- 
dividuals. The reoccurence of the 
disease throughout the family is pre- 
vented to some extent by the fact 
that those persons in whom the ab- 
normality is most pronounced and 
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who, as a result, are noticeably de- 
formed, do not marry and have chil- 
dren. 

The condition is transmitted appar- 
ently with equal frequency by either 
the mother or the father, but more 
males than females are affected with 
the disease. Conrad and Davenport’, 
in their study of hereditary fragility 
of bone suggest that “the fact that in 
different families the conditions of the 
osteopsathyrosis are different indi- 
cates the presence of special family 
tendencies’, and states that this ‘“con- 
stitutes strong additional evidence of 
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the hereditary basis of the trouble.” 
In this family the frequency with 
which the femur is fractured in every 
affected member of the family is a 
noticeable peculiarity. Also, as has 
been previously mentioned, the course 
of the disease and its effects upon the 
different individuals are markedly 
similar in all the affected persons. 

I wish to acknowledge my indebted- 
ness to Dr. D. A. Rhinehart for his 
study of the roentgenographic appear- 
ance of the bones, and to Dr. |. B. 
Young for much information on tne 
family history. 
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TASSEL OF MALE-STERILE; 
Figure 7 


A number of distinct genetic factors produce pollen sterility in maize. The gene 
producing this type of male sterility is located in the same chromosome as the “crinkly 
plant” gene. The tassels are approximately of normal size, but the branches droop. 
Such male-sterile forms are of practical value in the production of “crossed corn,” ob- 
viating the detasseling of the plants to be used as the seed parents. 
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HERITABLE CHARACTERS MAZIE 


XXXIX—Male Sterile-3 


WILLIAM 


HAT male sterility in maize is 

produced by more than one gen- 

etic factor has been shown in 
previously published papers of this 
series. According to Singleton and 
Jones’ male sterile; plants have a more 
slender tassel than their normal sibs, 
and produce anthers which are never 
extruded and do not contain pollen 
when mature. Male sterile; is_ pro- 
duced by the gene ms, which has its 
locus in chromosome V_ near to that 
of y. 

The tassels of male steriles, described 
by the writer,“ are as massive as the 
tassels of their normal sibs, but, like 
male sterile;, bear spikelets which con- 
tain anthers that are never extruded 
and the anthers contain no pollen when 
mature. Studies have not been made 
of the microsporogenous tissue in young 
anthers. Male steriles is the expression 
of the gene mise which has its locus in 
chromosome I. 

A culture of maize plants grown 
during the summer of 1929 under 
pedigree numbers 9787 and 9788 con- 
sisted of frequencies that indicated a 
linkage between crinkly plant and a 
male sterile which differs widely from 
male sterilez2. A large number of the 
normal plants of these two families 
were self-fertilized, and progenies from 
several of them were grown during the 
summer of 1930 with the results re- 
corded in Tables and II. A sum- 
mary of Table I is given below* in com- 
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parison with the results expected when 
assuming independent inheritance and 
linkage with 30 per cent crossing over 
respectively between crinkly plant and 
the male sterility here being discussed. 

The deviations between the observed 
frequencies and those expected on the 
basis of independent inheritance of 
crinkly plant and male sterile are fairly 
wide, while the deviations between the 
observed and expected frequencies on 
the basis of linkage with 30 per cent 
crossing over are much less and actu- 
ally agree very closely. This indica- 
tion of linkage is supported by the data 
listed in table II which represent the 
repulsion series. A summary of table 
Il is given belowf in comparison with 
the results expected on the basis of in- 


dependent inheritance and linkage with 


30 per cent crossing over respectively 
between crinkly plant and male sterile. 

Again the deviations between the ob- 
served frequencies and those expected 
on the basis of independent inheritance 
are wide, while the observed fre- 
quencies are in close agreement with 
the expected frequencies on the basis 
of linkage with 30 per cent crossing 
over. 

This linkage is further confirmed by 
a new plant character, called yellow 
top, to be described in another paper, 
which has been found to be linked with 
both crinkly plant and the male sterility 
here concerned. 

The male sterility described in this 


7Observed frequencies 
Expected frequencies—Independent 


*Observed frequencies 
Expected frequencies—Independent 


inheritance 


Cr Ms Crms crMs crms 
154 68 61 4 


162 54 54 18 
Expected frequencies—Linkage with 30 per cent crossing over 


150 66 66 6 


Cr Ms Crms crMs crms 


181 33 35 30 


inheritance 


162 54 54 18 


Expected frequencies—Linkage with 30 per cent crossing ovet........ 180 37 37 35 


*Paper number 4. Contributions from the Botanical Laboratory of Bucknell University. 
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FLOWER DETAILS OF MALE STERILE; 


A, an unopened spikelet of male steriles. 


C, an anther showing longitudinal furrowing. 


mature anthers of male sterile:. 


Figure 8 


B, a spikelet opened to show the included stamens. 
D and E, microspores which occur in the 
Drawings by Miriam Groner. 
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Eyster: 


paper is produced by a gene in chro- 
mosome VIII as indicated by its link- 
age relations with crinkly plant. This 
gene is designated by the symbol sss, 
and the character is called male sterile; 
as it is the third male sterile character 
to be definitely identified. 

Male sterile; tassels have approxi- 
mately the same size and branching as 
the normal fertile tassels of the same 
progenies. The branches, however, 
are more slender and are inclined to 
assume a drooping posture. <A typical 
male sterile; tassel 1s shown in Figure 

Occasional spikelets of male sterile; 
tassels extrude anthers, though most of 
them do not. <A typical spikelet is il- 
lustrated in Figure 8 A. Each spikelet 
includes six anthers as shown in Fig- 
ure 8 B. The anthers are furrowed 
longitudinally as indicated in Figure 
S C. The anthers contain what ap- 
pears upon first observation to be an 
abundance of pollen grains. The “pol- 
len grains’ are angular and more or 


less translucent, but most commonly 


contain only one nucleus. This would 
seem to indicate that the mature an- 
thers contain microspores and not pol- 
len. Occasionally a microspore devel- 
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ops into pollen as is indicated by the 
presence of two nuclei. Evidently 
microsporogenesis is accomplished but 
the microspores, in most cases, do not 
develop into male gametophytes and do 
not develop even so far as the pollen 
stage. Consequently, the mature an- 
thers contain microspores and very few 
or no pollen grains. 
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Heritable char- 
Male Sterile 


TABLE I1.—F, progenies from the cross (Cr Ms;) 
(Cr Ms,) X (crms,) (cr 
Pedigree Cr Mss Cr mss cr Mss cr mss 
9788—62 (X)...... 59 5 11 7 
9788—04 (X)...... 62 15 18 16 
9788—65 (X)...... 60 13 6 7 


Total frequencies 181 33 35 30 


TABLE I1.—F. prcegenies from the cross (Cr ms,;) 
(Crms,) X (cr Ms.) (cr Ms;) 


Pedigree Cr Mss Cr mss cr Mss cr mss 
9787—15 (X)...... 130 56 54 1 
9787— 4 (X)...... 24 12 7 3 
Total frequencies 154 68 61 4 


Psychiatrist On Sterilization 


TORONTO, Ontario, June 2.—Dr. 
Walter M. English today called upon 
the American Psychiatric Association, 
of which he is president, to approve 
sterilization to decrease the percentage 
of feeble-minded persons in the popu- 
lation. 

Citing statistics to show that 1,800,- 
000 persons in the United States have 
the mentality of children below the 
age of 9, he declared feeble-minded- 
ness was increasing alarmingly in all 
civilized countries. 


Of the 1,800,000 in the United 
States, he said, 600,000 are of a men- 
tal age below 7 and “‘these should have 
constant supervision throughout their 
lives.” 

He said “the great majority of cases 
of mental disease have one thing in 
common—they are the result of here- 
dity.” 

Dr. English, who resides in Brock- 
ville, Ontario, spoke at the eighty- 
seventh annual meeting of his associa- 
tion. 
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POULTRY BREEDING AND GENETICS 


At the Fourth World’s 


HE program of the Fourth 

World’s Poultry Congress, held 

in London, England, July 22-30, 
1930, was so complex and varied that 
it is out of the question to give more 
than a running summary of some of 
the more important papers given on 
the poultry breeding program. Five 
different sessions were held consecu- 
tively each morning, these sessions 
being devoted to: 


Breeding and incubation. 
Poultry nutrition. 

Marketing. 

Education and extension prob- 
lems, and 

5. Diseases and parasites. 


The sessions, as well as the entire 
Congress, were held at the unique 
glass edifice, Crystal Palace, which 
lent itself exceedingly well to staging 
the Congress. 

In every respect the great avian 
conclove of nations was a decided 
success from the moment of the offi- 
cial opening by the Duke of York. 
The numerous features of the Con- 
gress contributed many things which 
undoubtedly will be of great value to 
each of the sixty countries officially 
represented. 

Among some of the more important 
papers on poultry breeding are in- 
cluded papers from ten different coun- 
tries, although only a brief discussion 
of some of these papers is possible 
here. 

Professor G. S. Chlebaroff of Bul- 
garia, presented data on the fertiliza- 
tion of hens’ eggs from which, very 
briefly, the general conclusions are: 
Fertility of eggs can be secured up 
to but not later than the nineteenth 
day after mating. The first egg fer- 
tilized by any male is laid on the 
second day after mating, irrespective 
of whether the last mating took place 
in the morning or evening. Fertility 
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from one mating varies greatly among 
among hens of the same breed. 


Inbreeding 


Professor A. G. Dumon, Louvain 
University, Belgium, has found cross- 
ing inbred strains eliminates the dis- 
astrous effects of continuous close 
inbreeding, but serves to maintain 
the desirable quality bred for. It 1s 
suggested that males from inbred 
strains should be first tested with 
unrelated dams and, on the basis of 


results of progeny testing, used in 
ditferent matings of other inbred 
strains. 


Another contribution to the prob- 
lem of inbreeding of poultry was 
presented by Dr. J. S. Dunkerly, 
Chairman of the Northern Breeding 
Sub-committee under the National 
PoutIry Institute Scheme of the 
Ministry of Agriculture and Fisheries. 
The general “observations given by 
Dr. Dunkerly are: The production and 
maintenance of highly fecund stock 
is more likely to result from out- 
breeding than from either of two 
types of inbreeding employed, these 
two types of inbreeding being (1) 
cock mated to daughters whose an- 
cestry was outbred; (2) cock mated 
to daughters derived from a brother- 
sister mating. In the majority of 
cases infertility was higher in the in- 
bred progeny than in the outbred 
control. In the majority of cases 
father-and-daughter matings gave 
lower hatchability than did the con- 
trol in the case of all three breeds 
used, White Leghorns, White Wvyan- 
dottes, and Rhode Island Reds. In 
nearly all cases the outbred matings 
cave better results in the rearing of 
the chicks than the inbred matings. 
In most of the cases in the three 


breeds, 


the age of maturity was 
significantly higher for the inbred 
birds than for the outbred birds, 
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although there was little difference 
at maturity between the average 
weights of the inbred and the out- 
bred progeny. The general conclu- 
sion was that it is distinctly disad- 
vantageous to mate closely related 
stock. 


Heterosis 


Dr. D. C. Warren of the Kansas 
State Agricultural College, Manhat- 
tan, summarized his studies on the 
inheritance of vigor in the domestic 
fowl, from which the general conclu- 
sions are: A stimulation results from 
hybridization of the domestic fowl, 
as expressed in all stages of the life 
of the fowl and was measured by 
the hatchability of the eggs of the 
females outcrossed, viability and rate 
of growth of hybrid chicks and egg 
production of the hybrid females. 
Dr. Warren found evidence that dif- 
ferent combinations yield varying re- 
sults, and there is need for investiga- 
tion to determine what combination 
produces the most desirable hybrids. 


Hatchability and Embryonic Mortality | 


The writer presented a paper on the 
inheritance of hatchability and based 
his observations on hatching results 
in inbred strains of Barred Plymouth 
Rocks and White Leghorns, and non- 
inbred strains of White Leghorns, 
Barred Plymouth Rocks, and Rhode 
Island Reds. The results show, in 
general, that hatchability is inherited, 
but that there are also physiological 
factors involved that affect the result 
secured from any given mating. In- 
breeding tends to decrease hatch- 
ability whereas outbreeding tends to 
increase hatchability. Moreover, as 
the coefficients of inbreeding increase 
hatchability decreases. the 
standpoint of inheritance of hatch- 


ability the results suggest that pos-. 


sibly more than one gene or factor 
is involved. 

Time of occurrence and _ probable 
causes of mortality in chick embryos, 
was the subject of a paper by Dr. 
T. C. Byerly of the U. S. Department 


of Agriculture, Washington, D. C. 
Briefly, Dr. Byerly found that the 
first peak of embryo mortality came 
on the third day of incubation. The 
first peak may be due to accumula- 
tion of excretory products and failure 
of the mesonephros to function. The 
second peak, too, may be tentatively 
ascribed to accumulation of excretory 
products since it is this period that is 
characterized by the relatively high 
combustion of protein. Oedema was 
frequently noted in embryos that died 
at this time. The usual rise in mor- 
tality during the last three days of 
incubation was present. 

Dead-in-shell embryos were ex- 
amined for malpositions as described 
by Sanctuary and Hutt. Over half 
the embyros that died during the last 
three days of incubation showed some 
malposition; 9.36 per cent of all dead 
embryos showed some structural mal- 
formation. These terata were classi- 
fied into the usual groups; defects 
of eye and brain regions and ectopias 
were most abundant. 

Thirty-two and one-tenth per cent 
of the eggs candled out as infertile 
on the seventh day of incubation 
were found to be fertile and to con- 
tain embryos which had died in early 
stages of development. Therefore, 
candling without subsequently break- 
ing the eggs to check the true as 
opposed to the apparent fertility 
serves an an unreliable basis for the 
selection of breeding stock for fer- 
tility. 

Cooperation of Genetics and Breeding 


Dr. A. L. Hagedoorn, University of 
Leiden, Holland, discussed the dif- 
ferent ways in which a _ geneticist 
can cooperate with poultry breeders, 
and among other things, suggested 
four lines of cooperative effort, in- 
cluding (a) genetical analyses of dif- 
ferences in characters in poultry; (b) 
studies involving the correlation be- 
tween poultry characters; (c) studies 
on the effects of inbreeding; (d) ex- 
periments on the inheritance of dif- 
frences in disease resistance; and (e) 
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WHAT MAKES PRODUCERS ? 


ONE OF THE POULTRY CONGRESS EXHIBITS 
Figure 9 
The portion of the United States educational exhibit at the World's Poultry Con- 


gress devoted to poultry breeding problems. 


experiments designed to study the 
inheritance of differences in fecundity, 
hatchability of eggs, and other fac- 
tors of economic importance. 

In respect to the manner in which 
the geneticist can cooperate with the 
practical poultry breeders, Dr. Hage- 
doorn offers the following observa- 
tions: 


A. Experiments for the development 
of new breeds. 

B. Establishment of a new recessive 
variety of the old breed. 

C. Experiments with hybrids 
other progeny. 

Teaching genetics to breeders and 
others associated with the poultry 
industry. 

E. The establishment of a consulta- 
tion bureau for applied genetics. 
Cooperation with the officials of 
egg laying contests, concerning the 
development of improved systems 
of conducting egg laying contests. 


Prof. Ch. Voitellier of the National 


and 


Agricultural Institute, Paris, presented 
a paper on the possibilities with re- 
gard to introducing. various kinds of 
periodical testing of egg production 
in place of trapnest testing. The gen- 
eral conclusions in Dr. Voitellier’s 
paper are that it is quite practical to 
trapnest laying stock once a week, 
or for two or three days once a 
month, and the breeding stock may 
be selected on the basis of results 
from this periodical method of test- 
ing. 
The relations between pedigree 
breeding and general utility breeding 
in Germany, were the subject of a 
paper by Professor A. Schachtzabel of 
the Department of Agriculture, Ber- 
lin, Germany. He believes that pedi- 
gree breeding will continue to be of 
the utmost importance to the German 
poultry industry because it will pro- 
vide the basis for the distribution of 
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breeding stock to the utility breeders 
in all parts of the country. 


Mr. Tom Barron, poultry breeder 
of Great Britain, outlined the method 
of conducting the progressive breed- 
ing test known as the Lancashire 
breeding scheme. The pullets of cer- 
tain breeds at the different laying 
trials must lay at least 200 first-grade 
eggs, and in other breeds pullets must 
lay at least 180 first-grade eggs dur- 
ing the time of the official contest 
which lasts 48 weeks. The first four 
weeks of the official tests the eggs 
weighing 17 ounces each are graded 
as first-grade eggs. From the fifth 
to the eighth week, the eggs must 
weigh 1-15/16 ounces each; and from 
the ninth to the forty-eighth week 
eggs must weigh two ounces each in 
order to grade as first-grade eggs. 
Hens at the different laying trials 
which qualify on the basis of graded 
eggs, as. mentioned above, may then 
be sent to the breeding station where 
they are mated to males supplied bv 
the owner of the females. Cockerels 
are required to pass inspection of the 
Committee as to type, pedigree, and 
other qualifications. The chicks are 
pedigree-hatched, so that the buying 
public may purchase pedigreed chicks 
of known ancestry. 


Dr. Alula  Taibell, Robigo, Italy, 
gave a paper on the selection of egg- 
laving stock from the crossing of 
pure [Leghorn stock with local Italian 
breeds. His general conclusions are 
that the use of pedigreed White Leg- 
horn males on ordinary Italian hens 
serves to increase egg production very 
materially particularly with respect 
to fall and winter egg production. 
Dr. Taibell suggested that the pure- 
bred White Leghorn males used in 
the matings were heterozygous for 
high egg production inasmuch as the 
records of progeny were about mid- 
way between the records of purebred 
White Leghorn hens and those of or- 
dinary Italian hens. 


Dr. Kazunobu Kimura of the Im- 
perial Zootechnical Experiment Sta- 


tion, Chiba-shi, Japan, gave an inter- 
esting paper on pedigree breeding for 
egg production with a flock of White 
Leghorns. The data presented cov- 
ered breeding records from 1919 to 
1929, inclusive. Egg production was 
increased from an average of 142.50 
during the laying year 1919-1920, to 
230.16 during the laying year 1928- 
1929. During the same period the 
average Weight of eggs in grams re- 
mained practically the same. One of 
the most important factors affecting 
the increase in annual egg production 
was the earliness with which the pul- 
lets came into egg-laying condition, 
the average number of days from 
hatching time to egg laying being 
229.58 days in 1919-1920, and 180.00 
in 1928-1929. Dr. Kimura also gave 
some information regarding the num- 
ber of 300-egg hens secured in the 
Mikawa, a native breed. 


Dr. Waiter Landauer, Storrs Agri- 
cultural College, Connecticut,  dis- 
cussed the “Genetics and Biology of 
the Creeper (Scotch Dumpie) and the 
Irizzle Fowl.” He states that a com- 
parison of the results of his investi- 
gations concerning the Creeper and 


the Frizzle fowl shows interesting 
similarities and differences between 


the two breeds. In both cases the 
character is determined by a_ single 
Mendelian dominant. The Creeper 
character is lethal in homozygous 
condition, the Irizzle character is not 
lethal. In the Frizzle, however, the 
hemozygous individuals show a_ de- 
crease in viability. In mter se matings 
of both Creepers and of Frizzles (of ex- 
hibition type) the embryonic mortality 
is high and the hatchability conse- 
quently low. In the case of Creepers 
this is accounted for by the death 
of the homozygous embryos (25 per 
cent of all fertile eggs), while in the 
Frizzle the excessive embryonic mor- 
tality is not genetic sensu stricto but 
must be explained by the action of 
physiological factors. On account of 
their physiological association with 
these particular characteristics the 
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detrimental traits of both Creeper and 
Frizzle fowl cannot be eliminated but 
must remain apart of the price the 
fancier has to pay for his desire to 
maintain these breeds. 

Dr. Frank A. Hays of the Massa- 
chussetts Agricultural Experiment 
Station, Amherst, presented his gen- 
eral conclusions regarding the link- 
age relations between genes for egg 
size and genes concerned in high fecun- 
dity in the domestic fowl. He found 
that no linkage relations appear be- 
tween genes A and BP for egg size 
and genes FE and E! for early sexual 
maturity. No linkage was observed 
between genes A and B for egg size 
and gene M for winter pause. Gene B 
for large eggs and gene 7 for clutch 
size from 2.1 to 3.0 are linked and 
gave a crossover value of about 34.04 
per cent. Gene A for small eggs is 
linked with gene J! for clutch size 
above 3.0. The crossover value is 
about 36.56 per cent. There is ap- 
parently no linkage between the two 
genes for egg size and the two genes 
for broodiness. The data do not sug- 
gest linkage between genes for egg 
size and gene P for high persistency. 


Other Papers 


Many other papers on breeding and 
incubation were given in the sessions 
devoted to these two subjects but 
lack of space prevents even a brief 
review. 


United States of America, 1936? 


The First World’s Poultry Congress 
was held at the Hague in 1921; the 
second was held at Barcelona, Spain, 
in 1924, the third was held at Ottawa, 
Canada, in 1927, and the fourth was 
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held in London, England, in 1930, 
and the fifth will be held in Rome in 
1933. Practically everyone has agreed, 
therefore, that the sixth Congress 
should be held in the United States 
in 1936. Judging from the benefits 
accruing to the poultry industry in 
the countries in which the congresses 
have been held, there can be _ no 
question but that practically all the 
poultry organizations in the United 
States would be very desirous of see- 
ing the 1936 congress held in the 
United States. As a matter of fact, 
one or two cities have already put 
forth efforts to see if arrangements 
could not be made to have the con- 
egress held in their cities. 

The congresses are of very decided 
advantage to the countries in which 
they are held, and in the United States 
the Sixth World’s Poultry Congress 
would be an excellent stimulus for 
increased activities and further efforts 
on the part of such organizations as 
the International Baby Chick Asso- 
ciation; the United States Egg So- 
ciety; the National Poultry, Butter 
and Egg Association; the National 
Poultry Council; the Standardbred 
Poultry Association of America; the 
Poultry Science Association, and other 
organizations. Undoubtedly all State 
institutions and departments of agri- 
culture would be greatly interested 
in the possibility of holding the Con- 
gress in the United States in 1936. 
The final decision, however, as to 
where the congress is held rests with 
the Executive Council of the World’s 
Poultry Science Association. 


Mortey A. JULL. 
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THE INHERITANCE “HAIRLESSNESS” 
SWINE 


Hypotrichosis 


ELMER ROBERTS AND W. E. CARROLL 
University of Illinots 


EXICAN hairless swine have 

been known for some time in 

certain parts of Mexico. This 
character is not associated with any 
other abnormal condition and while ap- 
parently hereditary, its mode of  in- 
heritance has not been known previous 
to the present study, the object of 
which was to obtain information on this 
point. 

This type of hypotrichosis or hair- 
lessness is entirely distinct from the 
hairlessness prevalent in certain regions 
of the United States, which is caused 
by a deficiency of iodine probably as- 
sociated with goitre in the mother. In 
the latter kind the young are either 
born dead or die within a few hours 
after birth. The administration of 
iodine will prevent the occurrence of 
this type, but the hairlessness of the 
Mexican swine can not be prevented 
in this way. The first type of “hair- 
lessness” has been studied and reported 
by several workers, among whom are 
Welch®, Smith’, and Hart and Steen- 
bock.! 

The term “hairlessness” is in reality 
a misnomer, since all of the so-called 
hairless individuals which have been 
observed possessed some hair; hence 
the term hypotrichosis (congenital de- 
ficiency of hair) is better, though 
“hairless” is the term in common use. 
Hypotrichosis has been used by one of 
the authors, Roberts,?* and by Roberts 
and Thomas* in recent publications 
dealing with hair abnormalities in the 
rat and in man. 

For the present study, hypotrichotic 


swine, two males and two females, 
were imported from Ario, Michoacan, 
Mexico. One of these, a female, proved 
to be heterozygous, leaving two males 
and one female homozygous for the 
hairless condition. Figures 10 and 11 
show the difference between a Mexican 


hairless and normal-haired indi- 
vidual. The heterozygous Mexican 
female (Figure 10) had a_= smaller 


amount of hair than had normal swine, 
but considerably more hair than the 
“hairless” Mexicans. Progeny from a 
Mexican hairless male mated to grade 
Chester White females showed the 
same condition of hair, intermediate in 
amount between the normal and_hair- 
less states. So the normal condition 
which we shall designate H is incom- 
pletely dominant to the “hairless” con- 
dition designated by Sixteen F, 
individuals, seven males and nine _ fe- 
males, were produced, all of which 
presented this intermediate condition. 
Figures 12 and 13 are profile pictures 
of pieces of skin from normal-haired, 
heterozygous, and hairless individuals, 
respectively. For these exposures the 
skins were placed around a cylinder in 
order to show better the distribution of 
hairs. The differences are strikingly 
apparent. Figure 14 1s a view of 
flat surfaces of similar pieces of skins, 
showing in general the same differences. 
Sections of skin were taken from 
animals of the various genetic constitu- 
tion, after being dressed for market, 
and photographed in order to show the 
hair pores. Figure 15 shows the 
relative numbers of hairs represented 


*Paper No. 40 from the Division of-Animal Genetics in cooperation with the Swine 


Division, Department of Animal Husbandry. 


in Eugenics’ 


The first paper of the series was published 
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HAIRED AND “HALF-HAIRED” PIGS 
Figure 10 


Above, a normal Poland China boar (HH); below, a sow imported from Mexico, 
that is heretozygous for hairlessness (Hh). She has considerably less hair than normal. 


“HAIRLESS” PIGS 
Figure 11 


Above, a hairless boar from Mexico, and below, a hairless segregate from the mat- 
ing of a heterozygous (Hh) Mexican sow with a hairless (/i/) Mexican boar. Hairlessness 


is inherited as a Mendelian character. 
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below, that 


The heterozygous animals have about half as 
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Figure 12 


HAIRLESSNESS PARTIALLY DOMINANT 


7 
* 


Above is shown a section of rolled skin of a normal Poland China pig; 


* 
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of a pig heterozygous for hairlessness (Hh). 


much hair as an ordinary pig. 


~ 


Roberts and Carroll: 
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A “HAIRLESS” SKIN 
Figure 13 


The skin of the hairless pig has a sparse covering of hair. 


lessness in pigs, induced by a lack of 


Another form hair- 


iodine in the diet of the mother suggests 


that the hereditary form of hairlessness might have a thyroid abnormality as its basis. 
This appears not to be the case, because iodine treatment has no effect, and because 
the pigs are otherwise normal. The iodine-deficient hairless pigs are born dead or survive 


only a few hours after they are born. 


by the pores. In Figure 15 the pores 
of the “ hairless” skin are much 
larger than in either of the other 
cases, which may be due to the 
much greater age of this animal, one 
of the animals obtained in Mexico in 
1926 and at least five years old at the 
time the section of skin was taken. The 
other animals were under two years of 
age. 

Preliminary notes concerning the in- 
heritance of this hypotrichotic or 
“hairless” character have been pub- 
lished in the annual reports °® of the 
Illinois Agricultural Experiment Sta- 
tion. Since then, more data have been 


secured, and the present publication 
contains all results available to date. 
Matings of two normal females and 
a Mexican hairless boar produced six- 
teen young, seven males and nine fe- 
males. Three of these F, females to- 
gether with the heterozygous Mexican 
female were mated with the Mexican 
hairless males. From these matings 53 
young were produced, 28 of which were 
like the Mexican hairless and 25 were 
haired like the hybrids, or heterozygous 
individuals. The offspring of hairless 
x hairless were like the parents. 
These results indicate that the dif- 
ference between the normal and the 


Hairless (hh) 


Heterczygous (///,) 


VARYING DEGREES OF “HAIRLESSNESS” 


Figure 14 
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“hairless” condition is due to a single 
factor or gene. However, the normal is 
only partially dominant as shown by 
examination of the various illustra- 
tions. Table 1 gives the results of the 
various kinds of matings. The symbols 
used are H = normal condition, and h 
= the hypotrichotic or hairless condi- 
tion. 


Table I. Matings involving normal (H) and hair- 
less (h) genes. 


Haired (Hh) 


Haurless (hh) 


Mating 2 2 
HH X hh 7 
Hh X hh 15 10 19 9 
hh X& hh 9 4 


While the amount of hair on the 
homozygous hypotrichotic individuals 
varies, yet there is no overlapping with 
the heterozygous forms. 


The cause of the hair abnormality 
under discussion is not known, but it is 
not a deficiency of iodine unless there 
is an inherited defect of the thyroid 
glands. If this were true, abnormal pigs 
would be farrowed. In the case of 
hairless rats, the thyroids are normal 
and the administration of iodine and 
cystine failed to promote hair growth. 
Some of our “hairless” pigs weighing 
40-50 pounds have been fed 0.5 to 1.0 


gram of cystine daily for as long as 
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twenty-eight days without noticeable 


effects. 

Through the kindness of Dr. Frank 
Thorp of the Laboratory of Animal 
Pathology and Hygiene of the Univer- 
sity of Illinois, histological studies were 
made of the hair follicles of sections 
of skin from the various kinds of ani- 
mals. While the number of follicles 
was much smaller in the hairless and 
heterozygous individuals than in _ the 
homozygous haired, they were normal, 
no pathological conditions of any kind 
being observed. 


Literature Cited 


1. Hart, E. B. anno H. StTeensBock, 1918. 
Hairless pigs, the cause and remedy. Wis- 
consin Agric. Exp. Sta. Bull. No. 297. 

2. Roperts, E. 1924. Inheritance of hypo- 
trichosis in rats. Anat. Record, vol. 29, p. 
141. 

3. Roperts, E. 1926. Further data on in- 
heritance of hypotrichosis in rats. Anat. Rec- 
ord, vol.. 34, p. 172. 

4. Roperts, E. ann L. C. Tuomas, 1930. 
Hypotrichosis: The inheritance of moni- 
lethrix. Eugenics, vol. 3, pp. 20-25. 

5. Roperts, FE. 1927-1928. Annual Report 
of Ill. Agr. Expt. Sta. pp. 124-25. 

6. Roperts, E. 1928-1929. Annual Report 
of Ill. Agr. Expt. Sta., p. 82. 

7. SMituH, G. Ennis (with cooperation of 
Howard Welch) 1917. Fetal Athayrosis. 
Jour. Biol. Chem. Vol. 29, pp. 215-225. 

8. Wetcu, Howarp, 1917. Hairlessness 


and goitre in new-born domestic animals 
Montana Agric. Exp. Sta. Bull. No. 119. 


BACK NUMBERS OF THE JOURNAL WANTED 


The following numbers will be paid for at the rates indicated. 


If you 


are willing to dispose of your copies please send them to the office of the 
Association, Victor Building, Washington, D. C. 


Vol. Il, No. 2 (Amer. Breeders Magazine )—$2.00. 
Vol. V, No. 1 (Journal of Heredity )—$4.00. 


g 


COLOR CHIMERAS THE DOMESTIC 
FOWL 


C. W. Knox 
State College 


A GREEN AND A YELLOW LEG 
Figure 16 


A chimeral fowl which has legs of different colors, the darker leg 


being green and the lighter yellow. 


Such a condition might be pro- 


duced either by unequal chromosome distribution in the two _ sides 
(non-disjunction) or by gene mutation. 


ITHIN recent vears several 
unusual color mutations have 
been noticed by the author 
and have also been reported in the 
literature. Pigment mutations in 
poultry seem not to be uncommon. 
previous report on a “half and 
half” skin-color mosiac in the fowl 
by Lambert® of this station has al- 
ready been made. In addition to this, 
Lambert and the writer have_ noted 
two pigment mutations in the F, 
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progeny from a cross of Black Lang- 
shans with White Plymouth Rocks. 
One of these was a “half and half” 
skin-color mosaic similar to the one 
reported by Lambert?. Another had 
both shanks white in color but one 
shank had a yellow streak. Tenta- 
tively we may suppose that these 
were due to somatic gene mutations 
or non-disjunction. 

Recently a cross-bred female at the 
college farm was found to have one 
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green and one yellow shank. The 
right shank was green and appears 
as the darker of the two shanks in 
Figure 16. She was an Fy, female 
sired by a Rhode Island Red, which 
was mated to a White Wyandotte 
female. 

According to Barrows! the pigmen- 
tation of the skin of the bird is due 
to the presence of pigment either in 
one or both layers of the epidermis 
of the shanks. He found that there 
were two classes of pigments re- 
sponsible for the color of the shanks. 
The zooxanthin (yellow) pigment, in 
both layers of the epidermis or in 
the corium alone, produces yellow 
shanks, while a lack of this pigment 
produces white shanks. The other 
pigment is melanin which causes a 
variety of darker coloration of the 
shanks. This variation of color is 
augmented by the presence or ab- 
sence of the lipochrome_ pigment. 
The apparent depth of color of the 
melanic pigment is dependent upon 
whether or not the melanin is de- 
posited in the chorium, malphigian, 
or dermal cells. The nearer the sur- 
face that the pigment is deposited, 
the darker is the color of the shank. 
The darker hues also have the melan- 
ic pigment deposited in all layers 
of cells. In this particular instance, 
the left shank has no melanic pig- 
ment but only the lipochrome, which 
makes the shank appear yellow. The 
right shank has the lpochrome color 
plus the deposition of the melanic 
pigment in the upper chorium, pro- 
ducing a greenish effect. This was 
ascertained by Dr. H. E. Biester who 
made a_ histological examination of 
the shank tissues of the mutant. 
This agrees with Barrows!. 

There are two _ possible explana- 
tions for this phenomenon. One is 
that it was caused by non-disjunction 
of the chromosomes carrying one of 
the major genes for melanic pig- 
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ment. The other is that it was 
caused by a mutation of the gene 
determining the production of melan- 
ic pigment. 

If this condition were due to non- 
disjunction, it would naturally be ex- 
pected that other characters would 
be affected besides that of pigmen- 
tation, but nothing of this kind was 
observed. Hutt? in the case of the 
mosiac reported by Lambert? states 
that were the mosiac caused by non- 
disjunction the white side of the fowl 
would probably be larger. No such 
diversity of size was apparent in this 
particular case. On the other hand, 
the domestic fowl has so many pairs 
of chromosomes that the misbehavior 
of one pair might not be readily ap- 
parent, especially if there were many 
chromosomes involved in determining 
the character as is probably the case of 
the inheritance of size. The writer 
is inclined to believe this to be a gene 
mutation. Although both birds of 
the parental cross had yellow shanks, 
it is fairly common to find White 
Wvyandottes having green shanks, and 
many of the yellow shanked_ birds 
produce some progeny with green 
shanks. In this instance it is be- 
leved that the mutation is due to a 
loss or change of the gene producing 
the melanic pigment in a bird that 
would normally have been a green- 
shanked bird. It also could have 
been a dominant mutation producing 
one green shank while the other re- 
tained the recessive color, in this case 
vellow. 
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